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Description

Object of the Invention

[0001] The present invention generally relates to an
integrated cooling and climate control system and meth-
od for a wind turbine, and more particularly to systems
and methods to cool the air inside the nacelle and the
heat generating components of a wind turbine such as
the drivetrain, the electrical generator, the converter, and
the transformer.

Background of the Invention

[0002] A wind turbine converts the kinetic energy of
-wind into electrical energy through its rotor, drivetrain,
electrical generator, and converter. An electrical trans-
former converts the low voltage output from the converter
into a high voltage output before the output is sent to the
substation at the wind farm. The wind turbine nacelle
houses these mechanical and electrical components,
namely, the drivetrain, the electrical generator, the con-
verter, and the transformer (usually located in the nacelle
to reduce the power loss due to low voltage electrical
transmission). The nacelle also houses the components
of the hydraulic system needed for blade pitching and
nacelle yawing.

[0003] These components generate a significant
amount of heat while the wind turbine is operating. For
their protection and their efficient operation, the heatgen-
erated by these components has to be continuously re-
moved. This is typically done by circulating a coolant
through the heat exchangers built into these compo-
nents., see e.g. EP 2 527 650. The coolant then trans-
ports the heat from these components and dissipates it
to the ambient air with the help of air cooled radiators
mounted on the outside of the nacelle.

[0004] The coolant could be any fluid that is typically
used in low temperature heat exchangers, such as a mix-
ture of ethylene glycol and water that does not freeze
during cold weather. It is noted that the heat generated
by the drivetrain, and that by the hydraulic system, is
dissipated to the coolant through liquid-to-liquid heat ex-
changers in the lubricating oil and the hydraulic fluid
sumps, respectively. The airflow inside the nacelle over
the heat generating components also helps cool them on
the outside, The ambient air usually enters through one
or more inlets at the nacelle bottom, and the warmer air
exits to the outside through the outlets at the nacelle top.
Outlet fans help the airflow through the nacelle and over
the heat generating components. Thus, the ambient air
is typically used as a heat sink to cool the heat generating
components of a wind turbine. The air inside the nacelle
can also be cooled by an optional coolant-to-air exchang-
er.
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Description of the invention

[0005] The inventor of the present invention notes that
there are various drawbacks to prior art systems. The
fans that force the airflow through the radiators are noisy,
failure prone, and consume power. Moreover, the radia-
tors occupy valuable space on the nacelle top and could
interfere with the helipads that are used for landing hel-
icopters on the nacelle top, for example to transport peo-
ple to do maintenance. This is especially important in
offshore wind turbine installations. Moreover, in an off-
shore environment, the ambient air has high humidity
and carries water droplets and salt particles with it. There-
fore, a closed airflow system is more effective in prevent-
ing corrosion and electrical short circuits than an open
airflow system that is typically used onshore. A closed
airflow system necessitates a means to cool the air inside
the nacelle.

[0006] The present invention as defined in claim 1, in
one embodiment provides an integrated cooling and cli-
mate control system that uses the airflow due to the wind
to dissipate the heat from the coolant. The system can
permit nacelle yawing and does not use air cooled radi-
ators. The system not only helps cool the heat generating
components such as the drivetrain, the electrical gener-
ator, and the converter, but also helps cool the air inside
the nacelle. The airflow can be either closed or open.
[0007] The present invention uses the ambient air as
the heat sink. The coolant could be any fluid that is typ-
ically used in low temperature heat exchangers, such as
a mixture of ethylene glycol and water that does not
freeze during the cold weather. The system can not only
help cool the heat generating components such as the
drivetrain, the electrical generator, and the converter, but
can also help cool the air inside the nacelle.

[0008] One notable feature of the present invention is
a cylindrical reservoir that rests on a platform inside the
tower just below the lower part of the nacelle. The res-
ervoir is hollow in the center and has multiple pairs of
annular chambers. In a basic case, the reservoir has only
one pair of chambers and contains only the coolant. The
two chambers are separated by a circular wall in the mid-
dle. The height of this wall is lower than the inner and
outer walls of the reservoir. The vertical axes of the res-
ervoir and its lid are coincident with the nacelle yaw axis.
The reservaoir lid can freely rotate about its axis.

[0009] The reservoir separates the cooling system of
the presentinvention into two parts: alower cooling circuit
and an upper cooling circuit, The two reservoir chambers
are connected at the bottom through tubes and a cooling
coil that wraps around the tower outside, Thus, in the
lower cooling circuit, the coolant flows from one chamber
to the other only through the cooling coil. The cooling coil
is supported by one or more platforms on the tower out-
side, The platform can also act as a sun shade to mini-
mize the solar heat load on the coil during mid-day sun.
The coil is located below the reservoirand thusiitis always
flooded with the coolant. Whenever the coolant level in
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any of the reservoir chambers is altered, because of the
resulting hydraulic head, the coolant flows from the
chamber with a higher coolant level to the second cham-
ber through the cooling coil to equilibrate the coolant lev-
els in both chambers. As the coolant flows through the
coil, it is cooled by ambient airflow due to the wind. The
heat dissipation from the coolant to the ambient air can
be augmented by fins on the coil outside (the air side) or
in the coil inside (the coolant side) or both. The coolant
flow in the lower circuit can also be augmented by a fluid
pump.

[0010] Inthe upper cooling circuit, one or more pumps
in the nacelle transport the coolant from the first chamber
of the reservoir through the coolant-to-oil heat exchanger
(to cool the drive train), the generator, the converter, the
coolant-to-hydraulic fluid heat exchanger (to cool the hy-
draulic fluid), and the coolant-to-air heat exchanger (to
cool the nacelle air), thereby picking up the heat from
these components or fluids and returning the warmer
coolantto the second chamber. Due to the hydraulic force
arising from the extra volume of coolant and the higher
coolant level in the second chamber, the coolant flows
from the second chamber to the first chamber through
the cooling coil on the tower outside and thus dissipates
the heat to the ambient air. Air ducts and one or more
blowers in the nacelle help direct the cooler air from cool-
ant-to-air heat exchanger to the hotspots such as the
transformer and return the warmer air to the heat ex-
changer, thus cooling the air in the nacelle.

[0011] The inlet and outlet pipes of the upper cooling
circuit go through openings in the reservoir lid. Moreover,
these pipes freely hang inside their respective annular
reservoir chambers. As the nacelle yaws to direct the
rotor blades towards the wind direction, these inlet and
outlet pipes freely rotate inside their respective reservoir
chambers along with the reservoir lid. The hollow open
spacein the center of the reservoir and the corresponding
open space in the platform provide the access path be-
tween the nacelle and the tower, for example, for the
electrical lines from the nacelle to the tower bottom. If
the reservoir outer diameter is smaller than the tower
inside diameter, additional access paths from the tower
to the nacelle can be created through openings in the
platforminthe space between the reservoir and the tower
inside.

[0012] A second embodiment of the present invention
is a variation of the first embodiment and involves an
open airflow through the turbine with the coolant-to-air
heat exchanger inside the nacelle being an option. The
clean ambient air enters the tower and/or the nacelle
through one or more inlets, flows over and cools the heat
generating components (e.g., the drivetrain, the gener-
ator, the converter, and the transformer), and the warm
air exits the nacelle rear top. Except for the method of
airflow through the nacelle and the ventilation, this con-
figurationis similar to that discussed previously, This con-
figuration is mainly suited for an onshore turbine.
[0013] In athird embodiment of the present invention,
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the heat carried by the lubricating oil and the hydraulic
fluid is directly dissipated to the ambient air. In this em-
bodiment, the annular cylindrical reservoir has a separate
pair of annular fluid chambers, a fluid pump, and a cooling
coil on the tower outside for each of the fluids (coolant,
lubricating oil, and hydraulic fluid) that help cool the heat
generating components in the nacelle. Each pair of the
reservoir chambersis completely separated from one an-
other to prevent mixing of fluids. Thus, in addition to the
coolant, the lubricating oil and the hydraulic fluid have
independent flow circuits and dissipate the heat directly
to the ambient air. This helps minimize the thermal inef-
ficiencies associated with the use of coolant-to-oil and
coolant-to-hydraulic fluid heat exchangers.

[0014] The height of the circular wall separating the
two chambers of a particular pair of the reservoir cham-
bers is such that the wall permits overflow of the fluid
from one chamber to the other in case the fluid level in
one chamber becomes exceedingly high for any reason,
This ensures that there is always a minimum volume of
the fluid in either of a particular pair of chambers. If it is
necessary, a fluid pump can be used in any of the lower
cooling circuits to increase the fluid velocity of that circuit,
thus augmenting the heat dissipation from that fluid to
the ambient air. To maintain the desired fluid tempera-
tures and flow rates, thermostatically controlled flow by-
passes can also be used in the upper or lower flow cir-
cuits.

[0015] The presentinvention according to one embod-
iment provides a system to cool the air inside a nacelle
of awind turbine. The system comprises an upper cooling
circuit, having a reservoir disposed below the nacelle,
the reservoir having at least one pair of annular cham-
bers, and a lid that freely rotates about its axis and about
the nacelle yaw axis. Coolant flows from a first annular
chamber to a second annular chamber through a heat
exchanger in the nacelle, thereby carrying heat from the
nacelle to the second annular chamber. The system also
comprises a lower cooling circuit, having a coil that con-
nects the first annular chamber to the second annular
chamberand is exposed to an outside of the wind turbine.
The coolant flows from the second annular chamber to
the first annular chamber through the coil, thereby dissi-
pating the heat to ambient air.

[0016] The presentinventionaccordingto another em-
bodiment provides a system to cool the air inside a na-
celle of a wind turbine. The system comprises an upper
cooling circuit, having a reservoir disposed below the na-
celle, the reservoir having at least one pair of annular
chambers, and a lid that freely rotates about its axis and
about the nacelle yaw axis. Coolant flows from a first
annular chamber to a second annular chamber through
a heat exchanger in the nacelle, thereby carrying heat
from the nacelle to the second annular chamber. The
system also comprises a lower cooling circuit, having a
coil that connects the first annular chamber to the second
annular chamber and is at least partly exposed to an
outside of the wind turbine. The coolant flows from the
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second annular chamber to the first annular chamber
through the coil, thereby dissipating the heat to ambient
air. The system further comprises a plurality of inlets and
corresponding air treatment units, disposed at a bottom
of a tower of the wind turbine and at the nacelle, thereby
providing an open airflow through the wind turbine such
that clean ambient air enters the tower through one of
the inlets, and cools and then exits the nacelle.

[0017] The presentinvention according to another em-
bodiment provides a system to cool the air inside a na-
celle of a wind turbine. The system comprises an upper
cooling circuit, having a reservoir disposed below the na-
celle, the reservoir having a pair of annular fluid chambers
separated from each other, and a plurality of independent
coils flowing through the chambers and at least partly
exposed to the outside of a tower of the wind turbine.
Each coil is respectively designated for a coolant, a lu-
bricating oil, and a hydraulic fluid, such that heat from
the nacelle is dissipated to the coolant, the lubricating
oil, and the hydraulic fluid and is then dissipated to the
ambient air.

[0018] Furtherfeatures and advantages of the present
invention as well as the structure and operation of various
embodiments of the present invention are described in
detail below with reference to the accompanying draw-
ings.

Brief description of the figures

[0019] The features and advantages of the present in-
vention will be more readily understood from a detailed
description of the exemplary embodiments taken in con-
junction with the following figures:

Figs. 1,1a,and 1b show a cooling and climate control
system in accordance with a first embodiment of the
present invention.

Fig. 2 shows a second embodiment of the cooling
and climate control system of the present invention,
which is a variation of the first embodiment and has
an open airflow through the turbine.

Figs. 3 and 3a show a cooling and climate control
system in accordance with a third embodiment of the
present invention, wherein the coolant, the lubricat-
ing oil, and the hydraulic fluid independently and di-
rectly dissipate the heat to the ambient air.

[0020] The invention will next be described in connec-
tion with certain exemplary embodiments; however, it
should be clear to those skilled in the art that various
modifications, additions, and subtractions can be made
without departing from the spirit and scope of the claims.

Description of a preferred embodiment

[0021] Fig. 1 shows the first embodiment of the cooling
and climate control system 100 for a wind turbine accord-
ing to the present invention. Figs. 1a and 1b show close-
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up views of parts of Fig. 1. The system 100 has a nacelle
12 that houses the heat generating components, includ-
ing the drivetrain (or gear box) 14, the generator 16, the
coolant-to-air heat exchanger 17, the hydraulics unit 18,
the converter 20, and the transformer 22.. On its top, the
turbine tower 32 supports the nacelle 12 and the rotor 24.
[0022] One notable feature of this system 100 is a cy-
lindrical reservoir 26 that rests on a platform 27 inside
the tower 32 just below the lower part of the nacelle 12.
The reservoir 26 is hollow in the center and has multiple
pairs of annular chambers. In the basic case, the reser-
voir 26 has only one pair of chambers 28 and 30 and
contains only the coolant. The two chambers 28 and 30
are separated by a circular wall 29 in the middle. The
height of the dividing wall 29 in the middle is lower than
the inner and outer walls of the reservoir 26. The vertical
axes of the reservoir 26 and its lid 36 are coincident with
the nacelle yaw axis 38 The reservoir lid 36 can freely
rotate about its axis.

[0023] The reservoir 26 separates the cooling system
100 into two parts: an upper cooling circuit 40 and a lower
cooling circuit 42. As will be described in more detail be-
low, in the upper cooling circuit 40, the coolant flows from
the first chamber 28 (the inner chamber)of the reservoir
26 tothe second chamber 30 (the outer chamber) through
the heat exchangers in the nacelle 12, and thus carries
with it the heat from the heat generating components and
the nacelle air. In the lower cooling circuit 42, the coolant
flows from the second chamber 30 (the outer chamber)
of the reservoir to the first chamber 28 (the inner cham-
ber), through the liquid-to-air heat exchanger on the tow-
er outside and thus dissipates the heat to the ambient air.
[0024] The two reservoir chambers 28 (inner) and 30
(outer) are connected at their respective bottoms though
tubes 44 and 46 and a cooling coil 48 that wraps around
the outside of the tower 32. Thus, in the lower cooling
circuit42, the coolant flows from one chamber to the other
only through the cooling coil 48. The cooling coil 48 is
supported by one or more platforms 47 on the outside of
the tower 32, The platform 47 can also act as a sun shade
to minimize the solar heat load on the coil 48 during the
mid-day sun. The cooling coil 48 is located below the
reservoir 26 and thus itis always flooded with the coolant.
Whenever the coolant level in any of the reservoir cham-
bers 28 and 30 is altered, because of the resulting hy-
draulic head, the coolant flows from the chamber with
higher coolant level to the other chamber through the
cooling coil 48 to equilibrate the coolant levels in both
chambers 28 and 30. As the coolant flows through the
coil 48, itis cooled by the wind. The heat dissipation from
the coolant to the ambient air can be augmented by fins
49 on the coil outside (the air side) or in the coil inside
(the coolant side) or both. (The fins are shown in the
figure as the multiple cross lines across the tube). The
coolant flow through the coil 48 can also be augmented
by an optional coolant or fluid pump 50 in the lower cool-
ing circuit 42.

[0025] In the upper cooling circuit 40, one or more
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pumps 51 in the nacelle transport the coolant from the
first chamber 28 of the reservoir 26 through the coolant-
to-oil heat exchanger in the drivetrain 14, the generator
16, the converter 20, the coolant-to-hydraulic fluid heat
exchanger 18, and the coolant-to-air heat exchanger 17,
thereby picking up the heat from these components or
fluids, and returning the warmer coolant to the other
chamber 30. Flow restriction devices (not shown in the
figure) control the flow rates through these components.
[0026] It is noted that the heat generated by the driv-
etrain 14, and that by the hydraulic system 18, is dissi-
pated to the coolant through liquid-to-liquid heat ex-
changers (not shown) in the lubricating oil and the hy-
draulic fluid sumps, respectively. The heat from the air
inside the nacelle is dissipated to the coolant through the
liquid-to-air heat exchanger 17. One or more blowers (not
shown) help direct the cooler air exiting this heat ex-
changer onto the outer surfaces of the drivetrain 14, the
generator 16, the converter 20, and the transformer 22,
thus cooling these components from the outside.

[0027] Thus, as the coolant flows from the first cham-
ber 28 to the second chamber 30, the heat from the heat
generating components in the nacelle 12, and the air in-
side the nacelle 12, is removed by the upper cooling cir-
cuit 40. Due to the hydraulic force arising from the extra
volume of coolant, and thus the higher coolant level in
the second chamber, the coolant flows from the second
chamber to the first chamber through the cooling coil 48
on the outside of the tower 32 and thus dissipates the
heatto the ambient air. Air ducts and one or more blowers
(not shown) in the nacelle 12 help direct the cooler air
from the coolant-to-air heat exchanger to the hotspots
such as the transformer 22 and return the warmer air to
the heat exchanger, thus cooling the airin the nacelle 12.
[0028] Theinletand outlet pipes 52 and 54 of the upper
cooling circuit go through openings in the reservoir lid
36. Moreover, these pipes freely hang inside their re-
spective annular reservoir chambers 28, 30. As the na-
celle 12 yaws to direct the rotor blades 24 towards the
wind direction, these inlet and outlet pipes freely rotate
inside their respective reservoir chambers along with the
reservoir lid 36. The hollow open space in the center of
the reservoir and the corresponding open space in the
platform provide the access path between the nacelle 12
and the bottom of the tower 32, for example, for the elec-
trical lines from the nacelle 12 to the bottom of the tower
32. If the outer diameter of the reservoir 26 is smaller
than the inside diameter of the tower 32, additional ac-
cess paths from the tower 32 to the nacelle 12 can be
created through openings in the platform in the space
between the reservoir 26 and the inside of the tower 32.
[0029] Fig. 2 shows a second embodiment of the
present invention, which is a variation of the first embod-
iment. The system 200 of Fig. 2 has an open airflow
through the turbine. The clean ambient air enters the tow-
er 32 and/or the nacelle 12 through one or more inlets
(non-limiting examples are 56, 58, 60) where it enters
respective air treatment units 62, 64, 68, flows over and
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cools the heat generating components (e.g., the drive-
train 14, the generator 16, the converter 20, and the trans-
former 22), and the warm air exits the rear top of the
nacelle 12. Thus, the turbine can be ventilated continu-
ously to maintain the desired air temperature inside the
nacelle 12. Additional cooling of air inside the nacelle 12
by a coolant-to-air heat exchanger (similar to the heat
exchanger 17 in Fig. 1) is optional. Except for the method
of cooling the air inside the nacelle 12 (ventilation), this
configuration is similar to that of Fig. 1, discussed previ-
ously. This configuration is mainly suited for an onshore
turbine where the component corrosion due to high hu-
midity and salt is not a major issue.

[0030] Asindicated previously, in the first embodiment
ofthe system of the presentinvention, the heat generated
by the drivetrain 14, and the heat generated by the hy-
draulic components 18, is first transferred to the coolant
through liquid-to-liquid heat exchangers in the lubricating
oil and hydraulic fluid sumps, respectively, then trans-
ported by the coolant to the outside of the tower 32 and
finally dissipated to the ambient air, It is noted that, in
addition to picking up the heat from the lubricating oil and
the hydraulic fluid, the coolant in the upper cooling circuit
40 also picks up the heat from the generator 16, the con-
verter 20, and the coolant-to-air heat exchanger and dis-
sipates it to the ambient air. In the third embodiment of
the system 300 of the present invention, as shown in Fig.
3, the heat carried by the lubricating oil and the hydraulic
fluid is directly dissipated to the ambient air. Fig. 3a shows
a close-up view of parts of Fig. 3.

[0031] Thus, Figs. 3 and 3a show the third embodiment
of the cooling and climate control system for a wind tur-
bine where the coolant, the lubricating oil, and the hy-
draulic fluid independently and directly dissipate the heat
to the ambient air. In this system, the annular cylindrical
reservoir 26 has a separate pair of annular fluid chambers
(28a and 30a, 28b and 30b, and 28c and 30c, for the
coolant, the lubricating oil and the hydraulic fluid, respec-
tively), a flow pump (in the upper cooling circuit) (not
shown) (similar to 51 in fig. 1 for each of the three fluid
circuits), and respective cooling coils 48a, 48b and 48c
(for the coolant, the lubricating oil, and the hydraulic fluid,
respectively) on the outside of the tower 32 for each of
the fluids (coolant, lubricating oil, and hydraulic fluid) that
help cool the heat generating components in the nacelle
12. The pairs of these chambers (28a and 30a, 28b and
30b, and 28c and 30c) are fully separated from one an-
other to prevent mixing of fluids. As described before,
the bottom each of the pair of chambers (28a and 30a,
28b and 30b, and 28c and 30c for the coolant, the lubri-
cating oil and the hydraulic fluid, respectively) is connect-
ed through the respective inlet and outlet pipes (52a and
54a, 52b and 54b, and 52c and 54c, for the coolant, the
lubricating oil and the hydraulic fluid, respectively) and
their respective cooling coils 48a, 48b and 48c. The tur-
bine is sealed (closed airflow system) and the heat from
the nacelle air is dissipated to the coolant through a cool-
ant-to-air heat exchanger. The fluid pumps in the upper
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cooling circuits, and the optional fluid pumps in the lower
cooling circuits and the bypass valves are not shown in
the figure for clarity. As described before, the reservoir
lid 36 rotates freely over the reservoir 26 when the nacelle
yaws. And the inlet pipes (52a, 52b and 52c for the cool-
ant, lubricating oil and the hydraulic fluid, respectively)
and outlet pipes (54a, 54b and 54c for the coolant, lubri-
cating oil and the hydraulic fluid, respectively) also rotate
freely inside their respective fluid chambers.

[0032] Accordingly, in addition to the coolant, the lu-
bricating oil and the hydraulic fluid have independent flow
circuits and dissipate the heat directly to the ambient air,
This helps minimize the thermal inefficiencies associated
with the use of coolant-to-oil and coolant-to-hydraulic flu-
id heat exchangers.

[0033] It is noted that the height of the circular wall
separating the two chambers of a particular pair of the
reservoir chambers is such that the wall permits overflow
of the fluid from one chamber to the other in case the
fluid level in one chamber becomes exceedingly high for
any reason. This can ensure that there is always a min-
imum volume of the fluid in either of a particular pair of
chambers. As indicated before, the heat dissipation from
a particular fluid to the ambient air can be augmented by
fins on the coil outside (the air side) or in the coil inside
(the liquid side) or both. If necessary, a fluid pump can
also be used in any of the lower cooling circuits to in-
crease the fluid velocity of that circuit, and thus augment-
ing the heat dissipation from that fluid to the ambient air.
To maintain the desired fluid temperatures, thermostat-
ically controlled flow bypasses can also be used in the
upper or lower flow circuits. The fluid chambers, the fluid
volumes, the pumps, the bypass valves, and the coils
that dissipate the heat from the fluids to the ambient air
can be sized appropriately to meet the design needs of
the particular turbine,

[0034] While various embodiments of the present in-
vention have been described above, it should be under-
stood that they have been presented by way of example,
and not limitation. It will be apparent to persons skilled
in the relevant art(s) that various changes in form and
detail can be made therein without departing from the
scope of the present invention. Thus, the presentinven-
tion should not be limited by any of the above-described
exemplary embodiments, but should be defined only in
accordance with the following claims.

[0035] In addition, it should be understood that the fig-
ures illustrated in the attachments, which highlight the
functionality and advantages of the present invention,
are presented for example purposes only. The architec-
ture of the present invention is sufficiently flexible and
configurable, such that it may be utilized (and navigated)
in ways other than that shown in the accompanying fig-
ures.
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Claims

1. A system to cool the air inside a nacelle of a wind
turbine, comprising an upper cooling circuit (40),
having a reservoir (26) disposed below the nacelle,
the reservoir having at least one pair of annular
chambers (28, 28a, 30, 30a), and a lid (36) thatfreely
rotates about its axis and about the nacelle yaw axis
(38), wherein coolant flows from afirstannular cham-
ber (28, 28a) to a second annular chamber (30, 30a)
through a heat exchanger (17) in the nacelle (12),
thereby carrying heat from the nacelle (12) to the
second annular chamber (30, 30a) and a lower cool-
ing circuit (42), characterized in that the lower cool-
ing circuit comprises a cooling coil (48, 48a) that con-
nects the first annular chamber (28, 28a) to the sec-
ond annular chamber (30, 30a) and is exposed to an
outside of the wind turbine, wherein the coolant flows
from the second annular chamber (30a) to the first
annular chamber (28a) through the coil (48, 48a),
thereby dissipating the heat to ambient air.

2. The system of claim 1, characterized in that the
reservoir (26) is cylindrical and is supported by a
platform (27) inside a tower (32) of the wind turbine.

3. The system of claim 2, characterized in that corre-
sponding open spaces in the reservoir (26) and the
platform (27) provide an access path between the
nacelle (12) and the tower (32).

4. The system of claim 1, characterized in that the
coil (48, 48a) is wrapped around the outside of a
tower (32) of the wind turbine.

5. The system of claim 1, characterized in that the
coil (48, 48a) is supported by one or more platforms
(47) on the outside of the tower (32).

6. The system of claim 1, characterized in that some
fins (49) are located inside and outside the coil (48,
48a) to help dissipate the heat from the coolant to
the ambient air.

7. The system of claim 1, characterized in that when
a coolant level is higher in one chamber (28, 28a or
30, 30a) than in the other (28a or 30a), the coolant
flows from the one chamber to the other chamber
through the coil (48, 48a) to equilibrate the coolant
levels in both chambers (28, 28a; 30, 30a)).

8. The system of claim 1, characterized in that the
lower cooling circuit (42) further comprises a coolant
pump (50) to augment the coolant flow through the
coil (48, 48a).

9. The system of claim 1, characterized in that the
upper cooling circuit (40) further comprises at least
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one pump (51) to help transport the coolant from the
first annular chamber through the nacelle (12) to the
second annular chamber (30, 30a), thereby collect-
ing heat from the nacelle (12) and returning the
warmer coolant to the second annular chamber (30,
30a).

The system of claim 1, characterized in that each
annular chamber (28,28a; 30, 30a) has a circular
wall (29, 29a) for separating coolant therein, and
wherein the height of the circular wall (29, 29a) in a
given chamber is lower than the height of the inner
and outer walls of said chamber.

The system of claim 1, characterized in that com-
prises a plurality of inlets (56, 58, 60) and corre-
sponding air treatment units (62, 64, 68), disposed
at a bottom of a tower (32) of the wind turbine and
atthe nacelle (12), thereby providing an open airflow
through the wind turbine such that clean ambient air
enters the tower (32) through one of the inlets, and
cools and then exits the nacelle (12).

The system of any of claims 1-11, characterized in
that

it comprises independent flow circuits for the coolant,
for lubricating oil and for hydraulic fluid,

the reservoir (26) has pairs of annular fluid chambers
(28a, 30a; 28b, 30b; 28c, 30c) respectively for the
coolant, for lubricating oil and for hydraulic fluid, said
pairs being separated from each other and, each pair
of fluid chambers (28a, 30a; 28b, 30b; 28¢, 30c) com-
prising a first annular chamber (28a, 28b, 28c) from
which the coolant, the lubricating oil and the hydrau-
licfluid flows to the nacelle (12) and a second annular
chamber (30a, 30b, 30c),

the coolant, the lubricating oil and the hydraulic fluid
flowing into the second annular chambers (30a, 30b,
30c) carry heatfrom the nacelle (12) to the respective
second annular chamber (30a, 30b, 30c),

the lower cooling circuit comprises a plurality of in-
dependent cooling coils (48a, 48b, 48c)at least partly
exposed to the outside of a tower (32) of the wind
turbine, wherein each coil (48a, 48b, 48c) connects
the second annular chamber (30a, 30b, 30c) with
the first annular chamber (28a, 28b, 28c) of one pair
of annular chambers and wherein each coil is re-
spectively designated for the coolant, the lubricating
oil, and the hydraulic fluid, such that heat from the
nacelle (12) is dissipated to the coolant, the lubricat-
ing oil, and the hydraulic fluid and is then dissipated
to the ambient air, and the coolant, lubricating oil and
hydraulic fluid flow into the respective first annular
chambers (28a, 28b, 28c) through the respective
coils (48a, 48b, 48c).
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Patentanspriiche

1.

System zum Kihlen der Luft innerhalb einer Gondel
einer Windenergieanlage, umfassend einen oberen
Kuhlkreislauf (40) mit einem unterhalb der Gondel
vorgesehenen Reservoir (26), wobei das Reservoir
mindestens ein Paar Ringkammern (28, 28a, 30,
30a) und einen Deckel (36) aufweist, der sich frei
um seine eigene Achse und um die Gondelgierachse
(38) dreht, wobei in der Gondel (12) Kihimittel aus
einer ersten Ringkammer (28, 28a) durch einen War-
metauscher (17) in eine zweite Ringkammer (30,
30a) stromtund dadurch Warme aus der Gondel (12)
in die zweite Ringkammer (30, 30a) tragt, und einen
unteren Kihlkreislauf (42), dadurch gekennzeich-
net, dass der untere Kihlkreislauf eine Kiihlspule
(48, 48a) umfasst, die die erste Ringkammer (28,
28a) mit der zweiten Ringkammer (30, 30a) verbin-
det und gegenuber einer Aul3enseite der Windener-
gieanlage freiliegt, wobei das KihImittel aus der
zweiten Ringkammer (30a) durch die Spule (48, 48a)
in die erste Ringkammer (28a) strdmt und dadurch
die Warme an die Umgebungsluft abgibt.

System nach Anspruch 1, dadurch gekennzeich-
net, dass das Reservoir (26) zylindrisch ist und
durch eine Plattform (27) innerhalb eines Turms (32)
der Windenergieanlage getragen wird.

System nach Anspruch 2, dadurch gekennzeich-
net, dass korrespondierende offene Rdume in dem
Reservoir (26) und der Plattform (27) einen Zu-
gangsweg zwischen der Gondel (12) und dem Turm
(32) bereitstellen.

System nach Anspruch 1, dadurch gekennzeich-
net, dass die Spule (48, 48a) um die AuRenseite
eines Turms (32) der Windenergieanlage gewickelt
ist.

System nach Anspruch 1, dadurch gekennzeich-
net, dass die Spule (48, 48a) durch eine oder meh-
rere Plattformen (47) an der AulRenseite des Turms
(32) gestutzt wird.

System nach Anspruch 1, dadurch gekennzeich-
net, dass innerhalb und auferhalb der Spule (48,
48a) einige Rippen (49) angeordnet sind, um die Ab-
gabe der Warme aus dem KuhImittel an die Umge-
bungsluft zu unterstitzen.

System nach Anspruch 1, dadurch gekennzeich-
net, dass, wenn ein Kiihimittelstand in einer Kam-
mer (28, 28a oder 30, 30a) hoher ist als in der an-
deren (28a oder 30a), das Kihlmittel aus der einen
Kammer durch die Spule (48, 48a) in die andere
Kammer stromt, um die Kihimittelstande in beiden
Kammern (28, 28a; 30, 30a)) aquilibrieren.
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System nach Anspruch 1, dadurch gekennzeich-
net, dass der untere Kihlkreislauf (42) ferner eine
Kuhlmittelpumpe (50) umfasst, um den Kihimittel-
fluss durch die Spule (48, 48a) zu verstarken.

System nach Anspruch 1, dadurch gekennzeich-
net, dass der obere Kihlkreislauf (40) ferner min-
destens eine Pumpe (51) umfasst, um die Beférde-
rung des Kihlmittels aus der ersten Ringkammer
durch die Gondel (12) in die zweite Ringkammer (30,
30a) zu unterstiitzen und dadurch Warme aus der
Gondel (12) zu gewinnen und das warmere Kiihimit-
tel in die zweite Ringkammer (30, 30a) zurtickzuflh-
ren.

System nach Anspruch 1, dadurch gekennzeich-
net, dass jede Ringkammer (28, 28a; 30, 30a) eine
kreisférmige Wand (29, 29a) zum Trennen von Kiihl-
mittel darin aufweist, und wobei die Hohe der kreis-
férmigen Wand (29, 29a) in einer gegebenen Kam-
mer geringer ist als die H6he der Innen- und Auf3en-
wande der Kammer.

System nach Anspruch 1, dadurch gekennzeich-
net, dass es eine Vielzahl von Einldssen (56, 58,
60) und korrespondierende Luftbehandlungseinhei-
ten (62, 64, 68) umfasst, die an einem Boden eines
Turms (32) der Windenergieanlage und an der Gon-
del (12) vorgesehen sind und dadurch einen offenen
Luftstrom durch die Windenergieanlage bereitstel-
len, so dass saubere Umgebungsluft durch einen
der Einlasse in den Turm (32) eintritt und abkuhlt
und dann aus der Gondel (12) austritt.

System nach einem der Anspriiche 1 bis 11, da-
durch gekennzeichnet, dass

es fur das KuhImittel, fir Schmierdl und fur Hydrau-
likfluid jeweils unabhdngige Strémungskreisldufe
umfasst,

das Reservoir (26) fur das Kihimittel, fir Schmierdl
und fur Hydraulikfluid jeweils Paare von Fluidring-
kammern (28a, 30a; 28b, 30b; 28c, 30c) aufweist,
wobei die Paare voneinander getrennt sind und je-
des Paar Fluidkammern (28a, 30a; 28b, 30b; 28c,
30c) eine erste Ringkammer (28a, 28b, 28c), aus
der das KihiImittel, das Schmierdl und das Hydrau-
likfluid in die Gondel (12) strémen, und eine zweite
Ringkammer (30a, 30b, 30c) umfasst,

das KihImittel, das Schmierdl und das Hydraulikflu-
id, die in die zweiten Ringkammern (30a, 30b, 30c)
stromen, Warme aus der Gondel (12) in die jeweilige
zweite Ringkammer (30a, 30b, 30c) tragen,

der untere Kuhlkreislauf eine Vielzahl von unabhén-
gigen Kiihlspulen (48a, 48b, 48c) umfasst, die zu-
mindest teilweise gegeniber der Auenseite eines
Turms (32) der Windenergieanlage freiliegen, wobei
jede Spule (48a, 48b, 48c) die zweite Ringkammer
(30a, 30b, 30c) mit der ersten Ringkammer (28a,
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28b, 28c) eines Paares Ringkammern verbindet und
wobei jede Spule jeweils fir das Kiuhimittel, das
Schmierdl bzw. das Hydraulikfluid bestimmt ist, so
dass Warme aus der Gondel (12) an das Kihimittel,
das Schmierdl und das Hydraulikfluid und dann an
die Umgebungsluft abgegeben wird und das Kuhl-
mittel, das Schmierdl und die Hydraulikflissigkeit
durch die jeweiligen Spulen (48a, 48b, 48c) in die
jeweiligen ersten Ringkammern (28a, 28b, 28c) stro-
men.

Revendications

Systeme derefroidissementde l'air al'intérieurd’'une
nacelle d’éolienne, comprenant un circuit de refroi-
dissement supérieur (40), comportant un réservoir
(26) disposé au-dessous de la nacelle, le réservoir
comportant au moins une paire de chambres annu-
laires (28, 28a, 30, 30a) et un couvercle (36) qui tour-
ne librement autour de son axe et autour de I'axe de
lacet de la nacelle (38), le fluide de refroidissement
s’écoulant d’'une premiere chambre annulaire (28,
28a) a une seconde chambre annulaire (30, 30a) par
le biais d’un échangeur de chaleur (17) dans la na-
celle (12), transportant ainsi la chaleur de la nacelle
(12) vers la seconde chambre annulaire (30, 30a) et
un circuit de refroidissement inférieur (42), caracté-
risé en ce que le circuit de refroidissement inférieur
comprend un serpentin de refroidissement (48, 48a)
qui relie la premiere chambre annulaire (28, 28a) a
la seconde chambre annulaire (30, 30a) et est ex-
posé a un extérieur de I'éolienne, le fluide de refroi-
dissement s’écoulant depuis la seconde chambre
annulaire (30a) vers la premiere chambre annulaire
(28a) a travers le serpentin (48, 48a), dissipant ainsi
la chaleur dans I'air ambiant.

Systeme selon la revendication 1, caractérisé en
ce que le réservoir (26) est cylindrique et est sup-
porté par une plate-forme (27) a l'intérieur d’'une tour
(32) de I'éolienne.

Systeme selon la revendication 2, caractérisé en
ce que les espaces libres correspondants dans le
réservoir (26) et la plate-forme (27) constituent un
chemin d’acces entre la nacelle (12) et la tour (32).

Systeme selon la revendication 1, caractérisé en
ce que le serpentin (48, 48a) est enroulé autour de
I'extérieur d’'une tour (32) de I'éolienne.

Systeme selon la revendication 1, caractérisé en
ce que le serpentin (48, 48a) est supporté par une
ou plusieurs plates-formes (47) sur I'extérieur de la
tour (32).

Systeme selon la revendication 1, caractérisé en
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ce que certaines ailettes (49) sont situées a l'inté-
rieur et a 'extérieur du serpentin (48, 48a) pour aider
a dissiper la chaleur du fluide de refroidissement a
I'air ambiant.

Systeme selon la revendication 1, caractérisé en
ce que lorsqu’un niveau de fluide de refroidissement
est plus élevé dans une chambre (28, 28a ou 30,
30a) que dans l'autre (28a ou 30a), le fluide de re-
froidissement s’écoule de la chambre vers l'autre
chambre par le biais du serpentin (48, 48a) pour
équilibrer les niveaux de fluide de refroidissement
dans les deux chambres (28, 28a ; 30, 30a)).

Systeéme selon la revendication 1, caractérisé en
ce que le circuit de refroidissement inférieur (42)
comprend en outre une pompe a fluide de refroidis-
sement (50) pour augmenter le débit de fluide de
refroidissement a travers le serpentin (48, 48a).

Systeme selon la revendication 1, caractérisé en
ce que le circuit de refroidissement supérieur (40)
comprend en outre au moins une pompe (51) pour
faciliter le transport du fluide de refroidissement de
la premiére chambre annulaire a travers la nacelle
(12) vers la seconde chambre annulaire (30, 30a),
récupérant ainsi la chaleur de la nacelle (12) et ren-
voyant le fluide de refroidissement plus chaud dans
la seconde chambre annulaire (30, 30a).

Systeme selon la revendication 1, caractérisé en
ce que chaque chambre annulaire (28, 28a ; 30,
30a) a une paroi circulaire (29, 29a) pour séparer le
fluide de refroidissement dans celle-ci et en ce que
la hauteur de la paroi circulaire (29, 29a) dans une
chambre donnée est inférieure a la hauteur des pa-
rois interne et externe de ladite chambre.

Systeme selon la revendication 1, caractérisé en
ce qu’il comprend une pluralité d’entrées (56, 58,
60) et d’'unités de traitement de I'air (62, 64, 68) cor-
respondantes, disposées au bas d’'une tour (32) de
I'éolienne et a la nacelle (12), fournissant ainsi un
flux d’air ouvert a travers I'éolienne de sorte que de
I'air ambiant propre pénétre dans la tour (32) par
I'une des entrées, puis se refroidisse et quitte la na-
celle (12).

Systeme selon I'une quelconque des revendications
1 a 11, caractérisé en ce que

il comprend des circuits d’écoulement indépendants
pour le fluide de refroidissement, I'huile de lubrifica-
tion et le fluide hydraulique,

le réservoir (26) comporte des paires de chambres
a fluide annulaires (28a, 30a ; 28b, 30b ; 28c, 30c)
respectivement pour le fluide de refroidissement,
pour I'huile de lubrification et pour le fluide hydrau-
lique, lesdites paires étant séparées l'une de I'autre
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et chaque paire de chambres a fluide (28a, 30a ;
28b, 30b; 28c, 30c) comprenant une premiéere
chambre annulaire (28a, 28b, 28c) a partir de laquel-
le le fluide de refroidissement, I'huile de lubrification
etle fluide hydraulique s’écoulent vers la nacelle (12)
et une seconde chambre annulaire (30a, 30b, 30c),
le fluide de refroidissement, I'’huile de lubrification et
le fluide hydraulique s’écoulant dans les secondes
chambres annulaires (30a, 30b, 30c) transportent la
chaleur de la nacelle (12) vers la seconde chambre
annulaire respective (30a, 30b, 30c),

le circuit de refroidissement inférieur comprend une
pluralité de serpentins de refroidissement indépen-
dants (48a, 48b, 48c) au moins partiellement expo-
sés al’extérieur d’'une tour (32) de I'éolienne, chaque
serpentin (48a, 48b, 48c) raccordant la second
chambre annulaire (30a, 30b, 30c) avec la premiére
chambre annulaire (28a, 28b, 28c) d’'une paire de
chambres annulaires et chaque serpentin étant con-
cu respectivement pour le fluide de refroidissement,
I’huile de lubrification et le fluide hydraulique, de sor-
te que la chaleur provenant de la nacelle (12) soit
dissipée dans le fluide de refroidissement, I'huile de
lubrification et le fluide hydraulique, puis dissipée
dans l'air ambiant et le fluide de refroidissement,
I’huile de lubrification et le fluide hydraulique s’écou-
lant dans les premiéres chambres annulaires res-
pectives (28a, 28b, 28c)) par le biais des serpentins
respectifs (48a, 48b, 48c).
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